Fenóis foram oxidados a quinonas usando perborato de sódio (SPB) em montmorilonita úmida, como oxidante. A reação foi conduzida em fase sólida, a temperatura ambiente e sem a utilização de solventes.
Introduction
Natural products having a benzoquinone structure show biologically important properties such as cardiovascular, antitumour, antibacterial, antigerminative and antiprotozoan activities. 1 2-Methyl-1,4-naphthoquinone, vitamin K3, constitutes an important additive in animal feed, which is used commercially in large quantities. Furthermore, benzoquinones are important fine-chemicals in industry and are useful dienophiles in chemical transformations and synthesis of many natural products. 2 Thus, trimethyl-p-benzoquinone and 2,3-dimethoxy-5-methyl-p-benzo-quinone are especially valuable starting materials for the synthesis of vitamin E and coenzyme Q and therefore, are important in medicine. 3 Benzoquinones are usually prepared by direct oxidation of phenol and methoxy benzene derivatives. The most commonly employed oxidants for these syntheses are Fremy's salt, 4 oxygen/salcomine, 5 chromic acid, 6 Weitz's salt (BAHA), 7 ceric ammonium nitrate (CAN), 8 ortho-chloranil (tetrachlorobenzo-1,2-quinone), 9 chromium (VI) salts, 10 hypervalent iodine (III), 11 Nbromosuccinimide (NBS), 12 cobalt and manganese salts in the presence of oxygen, 13 hydrogen peroxide, 14 and silver (I) oxide-HNO 3 system. 15 However, the different reagents show varying degree of success as well as limitations due to high reaction temperatures, 16 the possibility of explosion, 17 strongly basic or acidic conditions which may be incompatible with substituents on the aromatic rings 18 and most of these reagents involve metal ions and solvents that are not ecofriendly. There is increasing emphasis on technical developments that employ environmentally friendly reagents or proceed in the absence of solvent and preferably without a metal ion thereby reducing the waste generation.
Sodium perborate (SPB) is an inexpensive large scale industrial oxidant used in bleaching which is safe to handle. 19 It has also been used for oxidation of various functional groups 20 such as anilines to nitroarenes, 21 sulfides, 22 aromatic aldehydes to carboxylic acids, 23 oxidative hydration of aromatic nitriles to amides, 22 and asymmetric epoxidation of substituted chalcones. 24 McKillop reported oxidation of phenols to quinones with SPB in acetic acid. 21 Although interesting results were reported, this method shows some disadvantages like long reaction times and low yields especially for the monohydric phenols.
Results and Discussion
In connection with our interest in the oxidation of organic compounds, 25 we describe here a facile oxidation of phenols to quinones in solid state using SPB on wet montmorillonite K10 as oxidant.
Different types of phenols were subjected to the oxidation by simple admixing with SPB and wet montmorillonite K10 (80% m/m). The process involves grinding phenols with SPB and wet montmorillonite K10 using a mortar and pestle. After thoroughly grinding, each 1083 Solid State Oxidation of Phenols to Quinones Vol. 16, No. 5, 2005 phenol develops an especial color within 1-5 minutes, which indicates the completion of the reaction, which also was monitored by TLC examination.
Supported SPB on wet montmorillonite K10 is an excellent reagent for oxidation of phenols to quinones as shown in Scheme 1. Ortho-quinones are not produced by this reagent except when ortho-aminophenol and orthohydroxyphenol are used. In most cases the optimum mole ratio between phenol and SPB was found to be 1:2 which gave the best results.
As shown in Table 1 montmorillonite K10 was found to be the best surface for the oxidation of phenols to quinones with SPB.
The results of oxidation of phenols to quinones with SPB on wet montmorillonite K10 are summarized in Table  2 . All yields refer to isolated products.
Conclusions
In summary we have extended successfully the application of SPB on wet montmorillonite K10 for the oxidation of phenols to quinones. This method offers some advantages in terms of simplicity of performance, solvent free conditions, ambient temperature, high yields and short reaction times.
Experimental
All products are known compounds and were characterized by comparison of their physical and spectroscopic data with those of authentic samples. 1 H NMR spectra were recorded on Bruker DPX500 spectrometer in CDCl 3 containing TMS as in internal standard and IR spectra were recorded on Perkin Elmer 781 spectrometer.
General procedure for the oxidation of phenols to quinones
SPB (2 mmol) and wet montmorillonite K10 (1 g, 80% m/m) were mixed thoroughly. Then phenol (1 mmol) was added and mixed thoroughly using a mortar and pestle. After the completion of the reaction (TLC; petroleum ether/ethyl acetate 4:1), the product was extracted with chloroform, washed with 5% NaOH aqueous solution and dried over Na 2 SO 4 . The solvent was evaporated and the product purified by short column chromatography over silica gel (petroleum ether/ethyl acetate 4:1). All yields refer to isolated products. 
